In this study we describe the ultrastructure of the endocrine cells observed in the midgut of M. quadrifasciata anthidioides. This bee has two types of endocrine cells, which are numerous on the posterior midgut region. Cells of the closed type are smaller and have irregular secretory granules with lower electrondensity than those of the open cell type. The open cell type has elongated mitochondria mainly on the basal area, where most of the secretory granules are also found. Besides the secretion granules and mitochondria, endocrine cells in this species have well-developed autophagic vacuoles and Golgi complex elements.
INTRODUCTION
The midgut endocrine cells of insects are not easily identified under light microscopy by techniques classically used for their detection in vertebrates (Cassier & Fain-Maurel, 1977; Andriès, 1976; Montuenga et al., 1989; Jimenez & Gilliam, 1990) . However, ultrastructural (Priester, 1971; Andriès, 1976; Reinhardt, 1976; Cassier & Fain-Maurel, 1977; Endo et al., 1982; Brown et al., 1985; Andriès & Tramu, 1985; Montuenga et al., 1989; Stoffolano et al., 1989) and immunocytochemical studies have demonstrated the presence of these cells in the midgut epithelium of various insect species (Andriès, 1976; Endo et al., 1982; Andriès & Tramu, 1984 Iwanaga et al., 1986; Brown et al., 1986; Glattli et al., 1987; Andriès & Beauvillain, 1988; Montuenga et al., 1989; Zitnan et al., 1993; An et al., 1998) .
Few studies have been done with the use of immunocytochemical techniques on endocrine cells in the digestive system of bees. The presence of these cells was observed in Bombus sp. (Zitnan et al., 1993) and in Melipona quadrifasciata anthidioides (Neves et al., 2002) . Raes & Verbeke (1994) described in details the ultrastructure, ontogeny, and distribution of two types of endocrine cells in Apis mellifera, complementing the brief observations of Jimenez & Gilliam (1990) . Serrão & Cruz-Landim (1996) described the ultrastructural features of these cells in Trigona spinipes and T. hypogea, two stingless bee species with different feeding habits.
Midgut endocrine cells in insects are characterized by presence of clear cytoplasm, secretory granules mainly in the basal area, cytoplasmic processes reaching the intestinal lumen, and absence of basal plasma membrane infoldings since they are scattered in the base of the digestive cells (Priester, 1971; Brown et al., 1985; Serrão & Cruz-Landim, 1996) . However, some differences in relation to the number, type, and distribution of these cells are observed among the studied species, possibly indicating important differences in the digestive physiology of these insects (Andriès & Tramu, 1985) .
As part of an ongoing study to understand the physiological role of the endocrine cells in the bee midgut, this paper describes the ultrastructure of the endocrine cells observed in the adult worker midgut of Melipona quadrifasciata anthidioides.
MATERIAL AND METHODS
Eight adult workers of M. quadrifasciata anthidioides were analyzed. Bees obtained from nests in the Central Apiary of the Federal University of Viçosa, State of Minas Gerais, Brazil, were immobilized by cold and their digestive tracts removed in saline solution proper for insects (500 ml H 2 O, 3.75 g NaCl, 1.36 g KH 2 PO 4 , 1.2 g Na 2 HPO 4 ). Midguts were transferred to Karnovsky fixative solution (Bancroft & Steven, 1996) , for 24 h at 4 o C. Pieces were washed in 0.1 M sodium cacodylate buffer at pH 7.2 and post-fixed in 1% osmium tetroxide in the same buffer for 1 h. After another washing in the buffer, the pieces were stained in 2% uranyl acetate for 12 h at 4 o C, following dehydration in acetone series and embedding in Epon-araldite. Semi-thin sections were stained with 1% toluidine blue-borax, and ultra-thin ones were stained with lead citrate (Reynolds, 1963) , examined, and photographed under a Zeiss EM-109 transmission electron microscope.
RESULTS

Midgut endocrine cells in M. quadrifasciata
anthidioides are restricted to the posterior region of the midgut. In the semi-thin sections, these cells show cytoplasm and nucleus weakly stained, contrasting with the dark digestive cells. It was impossible, however, to distinguish the presence of cytoplasmic granules under lower resolution ( Fig. 1) . Midgut endocrine cells are smaller than digestive cells and have a more euchromatic nucleus with one or two nucleoli. The endocrine cells were found near the nests of regenerative cells, but never seen inside them, therefore no relationship between them seemed to exist.
The ultrastructural features of these cells allowed recognizing two different cell types that were, according to the classification of Fujita & Kobayashi (1977) , identified as (1) the closed type, whose apex does not reach the midgut lumen, and (2) the open type that has a cytoplasmic prolongation reaching the epithelium apex.
Closed cells have their nucleus in the middleapical portion, where the cytoplasm is scarce, with small mitochondria and few secretory granules. The plasma membrane is smooth and without the extensive basal infoldings found in the neighboring digestive cells (Figs.  2, 4) . The basal portion has many secretory granules whose electron density is similar to that of the adjacent cytoplasm. The closed cells observed in this study have slightly oval granules approximately 170 nm diameter and exhibiting medium eletrondensity, a characteristic that facilitates observation of the secretory granule membrane. Ultrastructural features of the secretory granules are variable, because some have an electronlucent halo with an electrondense core and others are filled, i.e., they are not haloed. In yet others, the contents form clots (Fig. 6 ). Between the nucleus and the secretory granules are large autophagic vacuoles, small rough endoplasmic reticulum cisternae, and a welldeveloped Golgi apparatus (Fig. 8) .
Open cells have a more regular nucleus (Fig.  3) and the secretory granules are in the basal area. Although they do not present basal plasma membrane infoldings, some indentations into which the basement membrane projects are observed (Fig. 5 ). Mitochondria are larger and more numerous than those observed in the closed cells, and more numerous in the infranuclear zone with the secretory granules, where they are long and parallel to cell axis (Fig. 7) .
Size of secretory granule is around 150 nm and it is filled with more electrondense content. As in the closed cells, there are some autophagic vacuoles (Fig.  7) and Golgi apparatus (Fig. 9) . 
DISCUSSION
Gut endocrine cells with ultrastructural features similar to those observed in the present study have been described in several insect species. These cells, previously termed granulate cells, were characterized as found in low number, with clearer cytoplasm than that of the digestive cells, electrondense granules, and without basal labyrinth, and are the same as the "probable endocrine cells" described by PlatzerShutltz & Welsch (1970) . Two types of endocrine cells observed in M. quadrifasciata anthidioides have ultrastructural features similar to those described for the larval midgut of Aeshna cyanea. However, in this Odonata species the cells were only of the closed type and the secretory granules were larger (Andriès, 1976) . Morphology, size, and electron density of the secretory granules are important characteristics in classifying endocrine cells. found that the most common cells in several Lepidoptera species were those with round, small (100-200 nm), and electrondense secretory granules (Type 3, according to Cassier & Fain-Maurel, 1977) , similar to the cells of the open type found in M. quadrifasciata anthidioides. This was also the only type of endocrine cell observed in three Siphonaptera species (Reinhardt, 1976) and in three other mosquitoe species (Glättli et al., 1987) . In Rhodnius prolixus open cells do not occur (Billingsley & Downe, 1986) ; these are the predominant type in Schistocerca gregaria (Montuenga et al., 1989) . However, the significance of this variation is unknown. Among the Hymenoptera, earlier ultrastructural reports on midgut endocrine cells were limited to a description of a few small pyramidal cells, without basal plasma membrane infolding and with electrondense granules, in the midgut of Apis mellifera (Jimenez & Gilliam, 1990) . Later, still in A. mellifera, two open-endocrine cell types were described in the posterior midgut region. These cells were termed granular cells and contained electrondense granules of 100-200 nm diameter and vesicular cells having large electron lucent vesicles of variable diameter (Raes & Verbeke, 1994) . Likewise, in two stingless bee species with different feeding habits (Trigona spinipes and T. hypogea) only one type of closed midgut endocrine cell was described, without basal labyrinth and with secretory granules accumulated in the basal cell region (Serrão & Cruz-Landim, 1996) . In M. quadrifasciata anthidioides we found two different types of midgut endocrine cells, one common to Hymenoptera species and many other insects studied until now, a the cell with small, electrondense granules. On the other hand, the less electrondense granules found in the closed cells in the present study have not been described in Hymenoptera. The vesicular cells observed in A. mellifera (Raes & Verbeke, 1994) have larger and less electrondense vesicles than the secretory granules found in M. quadrifasciata anthidioides.
Ultrastructural features of the secretory granules in the endocrine cells can be related to the peptide they produce. However, this classification is hindered by morphological variations of these granules as a result of several factors (Grube & Forssmann, 1979) . However, ultrastructural differences among midgut endocrine cells of the same species submitted to the same technical procedure as in the present study may suggest that these cells produce different peptides. In this sense, midgut endocrine cells in M. quadrifasciata anthidioides produce FMRFamide-like, but not cholecystokinin-and gastrin-like peptides (Neves et al., 2002) .
Midgut endocrine cells described in this study show a series of ultrastructural characteristics common to the midgut endocrine cells described for insects and exceeding the simple presence of secretory granules. Well-developed Golgi apparatus, large residual bodies in the perinuclear area, and elongated mitochondria are features common to these cells, and should be added to classically recognized others, such as less electrondense cytoplasm and absence of basal infoldings comparable to those of the digestive cells. It is known that midgut endocrine cells produce different peptides and future studies will be conduced to test if there is correlation among the ultrastructural features of secretory granules and the type of secretions produced by these cells in bees.
